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Standard Risk Management Model 
for Infrastructure Projects
Lidija Rihar, Tena Žužek, Tomaž Berlec and Janez Kušar
Abstract
This paper outlines a risk management method that is based on the use of 
a standard risk management model and is adapted to the specific nature of 
infrastructure projects. The standard model can be used to identify and quan-
tify unexpected events in planning and executing a project. The use of a risk 
map will also be illustrated. A risk map can serve to classify the identified and 
quantified risk events, depending on the expected loss, to critical risks that 
call for a more in-depth treatment, and non-critical risks that are normally not 
monitored, while no measures are foreseen in advance. A risk map is used to 
determine what the anticipated effects of the measures to mitigate the critical 
risks will be, and how the anticipated measures enable the transition from a 
critical risk to a non-critical risk. In this article, the suggested risk management 
is illustrated using the example of the erection of a reservoir for a hydroelectric 
power plant. The use of the proposed tools for the identification, assessment, 
prioritisation, and management of risks proved highly successful. With the 
use of the proposed risk model, the critical risk events were lowered under the 
acceptable level of the expected losses.
Keywords: risk management, standard model, risk map, risk control,  
hydroelectric power plant
1. Introduction
Infrastructure projects are one constant in our lives that interfere in our liv-
ing environment and commonly involve huge investment costs. When managing 
such projects, the focus is mainly on the management of the content of work, 
times, resources, and costs. Risk management, however, is often neglected. Most 
frequently, the most important risks of the entire project are identified, and the 
measures to mitigate their consequences are prepared. Yet a project team lacks the 
time and motivation to prepare a more profound assessment of risks of individual 
components associated with the project.
The paper will illustrate the use of the standard risk management model, which 
includes the identification of risk event drivers, the assessment of probability of a 
risk event, and the identification of impact drivers caused by a risk event and the 
probability of its impact. The identified probability of the occurrence of a risk event 
and the probability of its impact serve as a basis for calculating the expected loss, 
most often in terms of time, money, or quality. The calculated losses can be repre-
sented in a so-called risk map, into which losses are plotted on the x-axis, while the 
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product of the risk likelihood occurrence and its impact is plotted on the y-axis. 
A threshold line of expected losses divides the risks into critical risks (positioned 
above the threshold line of anticipated losses in the risk map) and less critical risks 
(positioned below the threshold line).
The standard model also allows an analysis of the consequences of the 
measures adopted and designed to eliminate or at least mitigate the expected 
risks both on the side of risk event drivers and on the side of risk impact drivers 
(there may be only a single or several drivers in both cases). In the risk map, the 
adopted measures represent a change in the risk position, the final goal being a 
shift of all critical risks below the threshold line of expected losses, i.e., below 
the limit of a still acceptable loss, by using the adopted measures in both risk 
factors.
The use of the suggested model will be illustrated using the example of an 
infrastructure project for the erection of a reservoir for a hydroelectric power plant 
on the Lower Sava River. The advantages and drawbacks of using the standard risk 
management model in the practical implementation of infrastructural (construc-
tional) projects will be presented.
2. Review of references
Infrastructure projects most frequently involve the arrangement of an infra-
structure building into a space (environment), which is why their success depends 
not only on internal factors, such as the client and contractor, but to a large extent 
also on external factors related to the environment. These factors aim to influence 
a project from various points of view; some of them support the project and want 
to make a positive contribution to the progress and success of the project, while 
others are completely or only partially against the execution of the project and are 
prepared to have a negative impact on the project. The execution of such projects is 
frequently considerably influenced by decisions of the government and the compe-
tent ministries. The mentioned impact factors may cause risk events on an infra-
structure project, which may in turn have a very negative impact on the progress 
of the project, particularly on the execution time, on the costs, and often on the 
quality of the project deliverables.
Generally, risk management is a constituent part of the risk management 
strategy of a company and represents an important element in decision-making 
processes [1]. Infrastructure projects are particularly sensitive in terms of risks, 
because the risk events from similar previously executed projects only seldom 
repeat in a similar form and with a similar probability of their occurrence and 
consequences. Risk management in these projects is especially demanding, so it is 
important which risk management techniques are employed. Analyses show that 
financial and economic factors and quality are the most important risk factors that 
industry tries to avoid or transfer to other stakeholders [2].
The awareness or understanding that a risk may exist is in practice the most 
important aspect of risk analysis and management. How the participants under-
stand the need for the treatment of each risk separately is therefore important for 
risk management [1].
As indicated by Hameed and Woo, numerous papers deal with the topic of risk 
management, yet the majority of research only includes risk management results 
from developed countries and only a very few from underdeveloped ones [3]. 
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Slovenia belongs to the group of medium-developed European countries, even 
though a detailed analysis on the management of infrastructure projects has not yet 
been made.
Yafai [4] says that risks are treated in each infrastructure project differently, 
particularly based on an assessment of the probability of risk event occurrence and 
its impact and based on an individual project activity.
A variety of methodologies dealing with project management and con-
sequently with the related risks can be found in literature. In practice, the 
most frequently applied methodology is the one proposed by the Project 
Management Institute [5]. Of the nine bodies of knowledge required for 
successful project management, it provides guidelines for risk identification, 
analysis, and response to project risks. Among other risk management meth-
odologies, certain approaches warrant mention: PRINCE [6], which is mostly 
used in IT projects; DOD Risk Management [7], which is used for military 
industry projects; and a host of other methodologies [8]. A comparison of vari-
ous risk management methodologies is shown in Table 1 [9].
An important earmark in risk management is a proactive approach, 
which is explained in detail by Smith and Merritt in the book Proactive Risk 
Management [10]. They suggest various risk analysis and evaluation models 
(standard, simple, cascade, and Ishikawa risk models) and tools that project 
stakeholders can use for recording, prioritising, solving and monitoring 
reactions to project risks.
One important tool for project risk identification and analysis is a risk break-
down structure that systematically breaks down potential risks on several levels 
[11] and provides possible breakdowns for various project types. He suggests that 
the risk in infrastructure projects is divided into three levels: on the first level, he 
differentiates among risks that result from (1) environment, (2) contractors,  
(3) client, and (4) project.
Of course, major risk drivers may differ depending on the project type and the 
environment in which a project is carried out. Importantly, a project team respon-
sible for project execution must identify all possible risk drivers on the project in 
question and break them down on several levels in order to facilitate a correlation 
between risk factors and project activities. An Ishikawa diagram can be used to 
identify risks [9].
PMBOK 2013 PRINCE2 DOD risk management
Plan risk management Identify risk Identify risk
Identify risks
Perform quantitative risk 
analysis
Assess risk Cluster analysis
Perform qualitative risk analysis Risk mitigation planning
Plan risk responses Risk plan Risk mitigation plan implementation
Monitor and control risks Implement and 
communicate
Risk tracking
Table 1. 
Overview of several models for project risk management [9].
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3. Risk management and infrastructure project
As infrastructure projects are most frequently integrated into a human liv-
ing environment, risk factors (generators) appear in the risk assessment of such 
projects. In normal investment projects, these practically have no or in a few cases 
have a very small impact on project execution. Among the important impact fac-
tors that may cause risk events in infrastructure projects, the following warrant 
mention:
• Impact of space management institutions (Government of the Republic of 
Slovenia, ministry, local communities).
• Complicated procedures involving the integration of infrastructure buildings 
into a space.
• Local population, interest associations, environmental, and other 
organisations.
• In cases of public procurement, the possibility of appeal, auditing, and legal 
proceedings.
• Client’s incapacity to finance the investment.
• Problems relating to solvency or even of contractor bankruptcies.
In investment projects, and even more particularly in infrastructure projects, 
additional risks can arise due to the following reasons:
• Poorly prepared plans for project execution without the use of adequate meth-
ods and techniques, usually also without a risk management plan.
• Poor and irregular reporting on work progress and actual costs.
• No reaction to deviations in the actual situation of the project from the plan.
• Frequent conflicts between parties executing the project because the responsi-
bilities are not precisely defined.
• Execution time and cost pressures with a relatively low profit margin.
• Poor work safety due to pressures to produce good returns.
Experience in the management of investment projects has shown that, in a 
project planning phase, very frequently only the scope of a project is defined 
and a time and project cost plan are prepared. Normally, project managers do 
not deal with risks in the project planning phase. To assist project managers in 
risk management, a general model of project risk management was developed 
[9, 12], which originates from a particularly critical evaluation of the most 
frequently used project management procedures and especially project risks. 
The proposed model, which will be subsequently employed to manage a selected 
infrastructure project, is carried out in four phases and seven steps. Methods 
that a project team can use for efficient work are indicated for the execution of 
each individual step.
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Figure 1 shows an amended project risk analysis model, namely, with reference 
to [9, 12], and a risk map is added for a qualitative and quantitative analysis of activ-
ity risks, for the classification of risks to critical and noncritical ones (step 4) and 
for planning of measures for risk management (step 5).
Figure 1. 
An extended model of infrastructure project risk management.
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As evident from Figure 1, the risks related to the entire project are first identi-
fied in steps 1 and 2. Various approaches can be used. Smith and Merrit [10] propose 
four different models for the identification and quantification of risks: standard, 
simple, cascade, and the Ishikawa models. Each of the proposed models has its 
advantages and disadvantages. When addressing the risks of an entire project, we 
concentrate on general questions, such as What is the risk, and what kind of loss can 
be expected if project execution is delayed by 6 months?
The proposed models for risk identification and quantification can also be used 
in steps 3 and 4, where individual risks can already be assigned to activities.
One of the mentioned risk management models can be used for further risk 
analysis. In this study the standard model was used to manage the activity risks in 
infrastructure projects. The reason for this decision lies in the fact that the model is 
simple to understand that it first identifies potential risk events and only then the 
impact of a risk event on the execution of project activities using a calculation of the 
expected loss (in time or money).
According to [10], the standard model can be visualised as shown in Figure 2.
In the standard model, a risk event is first identified. We can start from a 
previously prepared WBS/RBS matrix. One or several risk factors (drivers) can be 
identified for the incidence of a risk event. A project team must assess a probability 
of risk event occurrence Pe on the basis of the available data, on experience from 
previous similar situations or by using methods for decision-making in the event 
of uncertainty [13]. Then, it follows the assessment of the impact (consequences) 
if the risk event becomes a reality. In this case, again, one or several risk factors 
(drivers) of potential consequences are identified. The impact probability Pi is 
determined in a way similar to the risk event definition. The model features another 
parameter, the total loss Lt, which is the loss that will occur if a risk event and the 
impacts are realised. The total loss may be expressed as a loss in time, in working 
days, in monetary terms (EUR), or in quality (e.g., the number of poor or substan-
dard products).
The expected loss Le can be calculated according to Eq. (1) [10]:
  Le = Pe ∙ Pi ∙ Lt (1)
In step 4, the criticality of the risk in question needs to be assessed separately 
from the qualitative and quantitative risk assessment and the total loss. We can use 
the calculation of the criticality level in the table of critical success factors, which is 
explained in detail in [9, 12]. In the proposed risk management model, we can use 
the risk map [10] shown in Figure 3.
A risk map is a diagram in which risk likelihood is on the y-axis and represents 
a product of the probability of risk event occurrence and the probability of risk 
impact (Pe ∙ Pi), while the total loss Lt is on the x-axis. The threshold line of losses 
divides the surface of the diagram into two parts: the upper part above the threshold 
with the field of critical risks (Risk 1), which will have to be addressed by adopt-
ing adequate measures and the lower part below the threshold with the field of 
Figure 2. 
Standard risk model.
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noncritical risks (Risk 2), which are only identified and monitored, and measures 
are taken only if needed.
The threshold line of the expected losses is defined by Eq. (2) [10]:
  Pe ∙ Pi =  Le ___
Lt
(2)
Le in Eq. (2) represents the selected level of expected loss which is defined by 
the project team under consideration of the circumstances. It represents the value 
up to which the company is prepared to risk and accept the loss.
4. An example of infrastructure project risk management
The example of erecting a reservoir for a hydroelectric power plant (HPP) on 
the Lower Sava River [14] with a nominal power of 47.4 MW will be presented 
in the following. The HPP is of an impoundment facility type, with an arrange-
ment of three vertical power units (double-regulated vertical power plant with 
a Kaplan turbine) with a nominal flow of 500 m3/s with five flow-through fields 
and an average annual production of 161 GWh. The test operation of the HPP was 
foreseen for October 2017.
The HPP has a belonging reservoir with an anticipated 19.3 million m3 of water 
on a surface area of 3.12 million m2.
The planned goals for the erection of the reservoir for the HPP were as follows:
• A reservoir with the belonging infrastructure.
• Development of water infrastructure and state-regulated and local infrastruc-
tures on the influence area of energy utilisation of the river’s water potential.
• A reservoir with high-water dams, drainage ditches, and other corresponding 
site development facilities.
• Treatment and maintenance of water infrastructure intended for preserving 
and regulating the quantities of water on the influence area of energy utilisa-
tion of the river’s water potential.
Figure 3. 
Risk map.
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• Running, maintaining, and monitoring the status of the water infrastructure 
intended for protection against detrimental effects of water on the influence 
area of energy utilisation of the river’s water potential.
• Implementation of extraordinary measures during periods of increased hazard 
levels due to the detrimental impact of the waters on the influence area of 
energy utilisation of the river’s water potential.
• Maintenance of water areas and acquired areas on the influence area of energy 
utilisation of the river’s water potential.
• Providing sufficient quantities of water on the influence area of energy utilisa-
tion of the river’s water potential.
• Flood safety for populated areas, protection of agricultural areas and forests, 
flood irrigation, and firewater catchment.
• Development of roads and other infrastructure.
• Passage for water organisms, spawning grounds, and other habitats and 
protection of landscape and cultural heritage.
• Recreational areas and cycling paths.
• Sediment depositions.
The main stakeholders involved in the implementation of the HPP reservoir are 
as follows:
• Investor with co-investors
• Contractor for project preparation and management
• Contractors for the execution of works
• The Government of the Republic of Slovenia, ministries with their bodies, and 
administrative units
• Other stakeholders (local communities, inhabitants, landowners, and pressure 
groups).
The investment value of the project amounted to EUR 140 million.
The contractor appointed a project team for the preparation and management 
of the project of the erection of the HPP reservoir. The project manager and team 
members received the following assignments: preparation of technical documenta-
tion, preparation of works, acquisition of lands, and maintenance and supervision 
of the entire project. Contractors for the execution of works were hired for the 
execution of individual activities.
A project of the erection of a reservoir for this hydroelectric power plant was 
selected because this was a big and important infrastructure project in Slovenia. 
This project is especially suitable for presentation of the proposed method of risk 
management due to its size and intervention in space, and the authors helped the 
contractor by project preparation especially in creating a project management plan.
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4.1 Content and project timeline
The project team broke down the project’s work content according to the WBS prin-
ciple into the following phases: project preparation, designing, acquisition of permits, 
call for tender for the reservoir, dam house erection, and reservoir erection. For each 
phase, the team defined the necessary activities and linked them to a project network 
diagram. The network diagram links 242 activities. This is relatively little given the 
scope of the investment; however, the timeline here is only meant for the management 
of the investment and not for the operative management of the works of the project. 
The contractors prepared their own detailed timelines for the operative execution of 
the works of the project, which were fully harmonised with the project’s timeline.
A project time analysis revealed that 1928 days are needed for the execution of 
the project of the erection of the HPP reservoir, with the beginning of the project 
scheduled for 1/3/2012 and the completion for 10/6/2017. The term of completion is 
very important, since the test operation of the HPP depends on it. Figure 4 shows 
the project’s timeline, wherein only the activities of the first phase are indicated.
4.2 Project’s risk analysis
In the continuation, a method of use for risk management tools is shown using 
an example of an infrastructure project. In compliance with the method of Figure 1, 
an Ishikawa diagram of project risks was first drawn up, in which the key risk fac-
tors (groups) in this project have been identified: environment, contractor, client, 
Government of the Republic of Slovenia, and project execution. Possible risks in the 
project have been identified for individual risk groups (Figure 5).
The use of the Ishikawa diagram proved a very efficient tool in our case, since 
the team members had already used it in the quality management. The team 
members highlighted those risks that are most likely to occur in this project and 
inserted them in the prepared table template of critical success factors from the MS 
Project software according to [9, 12]. The probability of a risk event occurrence and 
a probability of consequences were assessed for each activity according to the Likert 
five-point scale (1–5), and a risk rate for the activity was calculated. It is marked 
with as indicated (colour indicators: red, high; yellow, medium; and green, low risk 
rate). Figure 6 shows part of the project’s risk analysis for the activities of the first 
phase (WBS group), which is project preparation.
Figure 4. 
Timeline for the erection of the HPP reservoir.
Risk Management in Construction Projects
10
Based on the risk analysis of all project activities, the project team established 
that eight activities have a very high risk rate, which is why they decided to anal-
yse these risks in more detail using the standard risk management model. For each 
of the eight high-risk activities, the project team determined the probability of a 
risk event Pe occurrence and a probability of consequences Pi and calculated the 
overall risk probability. The total loss Lt and the expected loss Le calculated using 
Eq. (2) were assessed.
The majority of risks in question result in a delay in the project and consequently 
in the launch of the HPP test operation. Our assessment of losses was based on data 
that indicated 1 day of interrupted operation of such an HPP means a loss of income 
of 17,600 EUR/day. Calculations for the expected losses are given in Table 2.
As evident from Table 2, some risk-related losses refer to monetary losses and 
others to time losses, which is why the risks related to monetary losses in terms of 
Figure 5. 
Ishikawa diagram of the HPP project risks.
Figure 6. 
Risk analysis in the MS project software (part).
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extra costs (Figure 7) are shown in the risk map separately from the time losses due 
to delays (Figure 8).
In the risk map, in which the risks related to extra costs (Figure 7) are shown, 
four risks are identified: of those, three (T1, T6, and T8) are critical, while the 
T3 risk belongs to the group of noncritical ones. The project team subsequently 
prepared adequate measures for the critical risks to prevent or mitigate the conse-
quences if a risk event were realised.
In the risk map, in which the risks related to delays (Figure 8) are shown, four 
risks are identified as well: of those, two (T2 and T4) are critical and two (T5 and 
T7) belong to the noncritical risks. Again, the project team prepared adequate 
measures for the critical risks to prevent or mitigate the consequences if a risk event 
were realised.
To illustrate preparation, analysis, and assessment of further measures to 
mitigate the risk consequences, the T1 risk was selected, i.e., the adoption of the 
DPN (state spatial plan). This is the first activity in the project having a high and 
critical risk (particularly due to the fact that it can delay the project’s execution 
and due to the extra costs incurred). The state spatial plan is adopted by the 
Government of the Republic of Slovenia upon a proposal from the ministries 
and in conformity with other bodies issuing permits for the placement of infra-
structure projects into the space. Local communities actively participate in this 
process. To mitigate the consequences of the T1 risk (delay in the adoption of the 
DPN), the project team prepared a plan of measures in three iterations, as shown 
in Table 3.
No. Activity Risk 
description
Designation Pe Pi Pe × Pi Lt [10
3 € or 
month]
Le [10
3 € or 
month]
1 Adoption 
of national 
spatial 
plan—DPN
Delay in 
adoption
T1 0.9 1 0.9 €320 €288
2 Adoption 
of national 
spatial 
plan—DPN
Delay in 
adoption
T2 0.9 1 0.9 6 months 5.4 months
3 Reservoir 
plan
Extra costs T3 0.7 0.5 0.35 €50 €17.5
4. Reservoir 
plan
Delay in 
execution
T4 0.8 0.8 0.64 6 months 3.8 months
5 Tender Conditions 
not met
T5 0.9 0.7 0.63 2 months 1.3 months
6 Acquisition 
of 
buildings 
and land
Opposition 
of owners
T6 0.7 0.8 0.56 €200 €112
7 Acquisition 
of 
buildings 
and land
Opposition 
of owners
T7 0.7 0.6 0.42 5 months 2.1 months
8 Existing 
roads
Damage 
to existing 
roads
T8 0.8 0.9 0.72 €750 €540
Table 2. 
Evaluation of losses in huge project risks relating to the erection of the HPP reservoir.
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For the anticipated measures, the project team assessed the probabilities of a risk 
event occurrence, a probability of impact after the adoption of a measure and the 
total and expected loss. Ten percent of the anticipated loss of income was deter-
mined by the project team as the value of the total loss. The calculations and results 
for all three iterations of measures are shown in Table 4.
Based on the results from Table 4, a risk map for the T1 risk was drawn up (delay 
in adopting a DPN), which is shown in Figure 9.
In the risk map in Figure 9, the threshold line denotes a still acceptable value of 
loss of EUR 100,000, which the project team considers to be the maximum tolerable 
value. T1 represents the starting situation, and there are no extra measures except 
warnings to the Government of the RS to start preparing a DPN for the erection of 
the HPP reservoir. The expected delay here will be 6 months, and the expected loss 
incurred by the client due to a delay in the scheduled start-up of the HPP is EUR 
288,000. Point T1.1 represents a point of risk T1 in the risk map after a measure is 
adopted, with which the ministry responsible for infrastructure would appoint a 
co-ordinator to co-ordinate the preparation of the DPN. Still, a delay of 5 months 
is expected, while the expected loss in this case would be reduced to EUR 180,000, 
which still means that the risk is a critical one. Additional suggested measures, with 
Figure 7. 
Map of project risks expressed by costs.
Figure 8. 
Map of project risks expressed as delay in time.
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which the municipalities on the territory in which the HPP reservoir will be erected, 
would co-ordinate among themselves and could render risk T1 noncritical, because 
point T1.2 lies below the threshold line of expected losses. A delay of 4 months is 
Risk Risk event driver Prevention plan Impact driver Contingency plan
T1 Government of 
the RS is often 
late in adopting 
a resolution on 
preparing a DPN
Client should warn 
the government of 
the consequences 
of delay in adopting 
the resolution on the 
preparation of a DPN
Minimum 6-month 
delay in preparation 
of documentation
A loss of income 
totalling EUR 3.2 
million is anticipated
T11 Discrepancy in the 
work of ministries 
in the preparation 
of a DPN
Suggest that 
the Ministry of 
Infrastructure 
assumes 
co-ordination
Minimum 5-month 
delay in preparation 
of documentation 
due to discrepancies 
within ministries
A loss of income 
of €3 million is 
anticipated, despite 
the appointment of a 
co-ordinator for the 
preparation of a DPN
T12 Comments of 
municipalities on 
the proposed DPN
Mismatched 
comments between 
municipalities
Mismatched 
comments between 
municipalities 
represent a further 
4 months of delay
Comments of 
municipalities get 
matched, yet a 
further €2.5 million 
loss of income is still 
anticipated
Table 3. 
Plan of measures to reduce consequences of risk in the preparation of the DPN.
Risk Probability of 
risk event Pe
Probability of 
impact Pi
Total probability 
Pe × Pi
Total loss Lt 
(thousand EUR)
Expected loss Le 
(thousand EUR)
T1 0.9 1 0.9 320 288
T1.1 0.6 1 0.6 300 180
T1.2 0.4 0.8 0.32 250 80
Table 4. 
Results of calculated impacts of the suggested measures to mitigate risk T1.
Figure 9. 
Risk map after the introduction of anticipated measures to mitigate risk T1.
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still expected, yet the expected loss is EUR 80,000, which is less than the maximum 
threshold value of EUR 100,000 the project team had determined for this risk.
In the project execution phase, the activities of the project must be closely moni-
tored, and attention should be paid to the time of risk event occurrence. The project 
team can determine risk indicators [12] that remind them of points in time when 
a potential risk event might or could be expected to occur. It is not enough only to 
introduce measures, the situation should be constantly monitored and additional 
measures adopted to mitigate the impacts of risk events that occur. In the case of the 
erection of the HPP reservoir, the project team also constantly monitored the risk 
management activities and adopted adequate measures as required. The manage-
ment of risks in the project in question was ultimately successful, since the HPP 
started operating on schedule and according to the timeline.
It is important to note that once the project was completed, the project team made 
a thorough analysis of their risk management strategy and identified those solutions 
that proved effective and successful and that would be worth using in similar projects 
in the future, as well as ineffective solutions that should be avoided in future projects.
5. Conclusions
Risk management is an important field of knowledge that is an integral part 
of [any] efficient project management. It is important that risk management be 
completely integrated into other areas of project management. The paper dealt with 
the risk management in infrastructure projects, which, compared to other projects 
(e.g., product development or IT projects), involve considerably more impact fac-
tors related to the environment and that are included in the process of planning and 
management of such projects.
The paper outlined the methods and tools that project management can use in 
project planning and management. The following methods are of particular impor-
tance for managing of an infrastructure project: an Ishikawa diagram for identi-
fication of potential risks; a table of critical success factors that identified risks 
to individual activities and classifies the risks of the activities as high-, medium-, 
and low-risk; a standard risk model that serves to determine expected losses in 
time, money, and quality; and finally, a risk map that classifies a risk as a critical or 
noncritical risk. The risk map can be used to analyse how the anticipated measures 
could work to reduce the critical nature of the risk.
The above-indicated methods have been successfully tested in the erection of 
the HPP reservoir. The project represented an important instance of interference 
in the space, even more than the placement of the HPP itself. It has been proved 
that the key risks in this project were those risks on which neither the investor 
nor the contractors have any influence. In our case, this was the integration of 
the building into the space and problems relating to the preparation of the DPN, 
which is crucial for further planning and subsequent project management. Risks 
also appeared in the acquisition of the land and in respect of the requirements 
demanded by parties granting the relevant permits, by the state, the groups with 
special interests, and pressure groups (conservationists).
The use of the proposed extended model for the identification, assessment, pri-
oritisation, and management of risks proved highly successful in the HPP project. 
The table of critical success factors also proved very successful. It was created using 
the MS Project software that was also used for the planning and monitoring of the 
project. This integration allowed the project team to have the risk management data 
available in the same tool as other project management data, which proved to be 
particularly efficient in monitoring the execution of the project.
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What was new here was the use of the standard risk model, with which the 
project team could (as with the critical success factor table) identify and quantify 
the importance of each risk and assess the expected loss. The advantage of using 
the model is its simplicity; its key drawback, however, lies in the fact that the result 
depends on the accuracy of team members’ assessments of the probability and total 
loss factors. Nevertheless, this drawback did not prove a substantial disadvantage. 
The risk map, with which risks are classified as critical and noncritical, proved to 
be a very important tool. Determining the threshold line of acceptable losses could 
appear as a problem, as it is based on a subjective assessment of the team members. 
Also, the possibility of checking the impacts of the foreseen measures adopted 
for the most critical risks is important; yet as it turns out, there is often a lack of 
motivation among team members, and they prefer, instead, to simply follow their 
intuition.
The execution of the project in question revealed that infrastructure projects are 
considerably more demanding than other projects in terms of risk management. 
As a rule, stakeholders from the wider environment have to participate in such 
projects.
In any follow-up (work, analysis, research), it would be important to consider 
how to support the subjective determination of the data for the use of the standard 
model by means of decision-making methods in cases where there is an element of 
uncertainty present.
The results of the proposed extended model for managing the risks of this 
infrastructure project will be a great help to project managers who will carry out 
similar projects in the future.
Acknowledgements
The authors gratefully acknowledge the financial support of the Slovenian 
Research Agency (research core funding no. P2-0270, agreement no. 
1000-15-0510).
Author details
Lidija Rihar, Tena Žužek, Tomaž Berlec and Janez Kušar*
Faculty of Mechanical Engineering, University of Ljubljana, Ljubljana, Slovenia
*Address all correspondence to: janez.kusar@fs.uni-lj.si
16
Risk Management in Construction Projects
References
[1] Iqbal S, Choudhry RM, 
Holschemacher K, Ali A, 
Tamošaitiene J. Risk management in 
construction projects. Technological 
and Economic Development of 
Economy. 2015;21(1):65-78. DOI: 
10.3846/20294913.2014.994582
[2] Choudhry R, Iqbal K. Identification 
of risk management system in 
construction industry in Pakistan. 
Journal of Management in Engineering. 
2013;29(1):42-49. DOI: 10.1061/(ASCE)
ME.1943-5479.0000122
[3] Hameed A, Woo S. Risk importance 
and allocation in Pakistan construction 
industry: A contractor’s perspective. 
KSCE Journal of Civil Engineering. 
2007;11(2):73-80. DOI: 10.1007/
BF02823850
[4] Yafai KN, Hassan JS, Balubaid S, 
Zin RM, Hainin MR. Development 
of a risk assessment model for Oman 
construction industry. Jurnal Teknologi. 
2014;70(7):55-64. DOI: 10.11113/
jt.v70.3579
[5] PMBOK Guide. A Guide to 
the Project Management Body 
of Knowledge. 6th ed. Newtown 
Square, Pennsylvania, USA: Project 
Management Institute, Inc.; 2017
[6] Managing successful projects with 
PRINCE2, 6th ed, London: AXELOS; 
2017
[7] DOD Risk Management Guide 
for DOD Acquisition. 6th ed. USA: 
Department of Defence; 2006
[8] Dobie Colin A. Handbook of Project 
Management. Australia: Allen Unwin; 
2007
[9] Rihar L, Berlec T, Kušar J. In: De 
Felice F, Petrillo A, editors. Theory 
and Application of Cognitive Factors 
and Risk Analysis, New Trends and 
Procedures. Rijeka, Croatia: InTech; 
2017. pp. P63-P86. DOI: 10.5772/
intechopen.68398
[10] Smith GP, Merritt MG. Proactive 
Risk Management. New York, USA: 
Productivity Press; 2002
[11] Hilllson D. Using a risk 
breakdown structure in project 
management. Journal of Facilities 
Management. 2003;22(4):85-97. DOI: 
10.1108/14725960410808131
[12] Kušar J, Rihar L, Žargi U, Starbek M.  
Extended risk-analysis model for 
activities of the project. Springer plus. 
2013;2:227
[13] Götze U, Northcott D, Schuster P.  
Investment Appraisal, Methods and 
Models. Berlin Heidelberg: Springer-
Verlag; 2015
[14] Hydroelectric Power Plants on 
the Lower Sava River. Available from: 
http://www.he-ss.si/eng/ [Accessed 
07-12-2018]
